Fat deposition is one of the most important and constant physiological events associated with migration in birds (see reviews by 1965; Farner, 1960; and Odum, 1960a and Odum, , 1960b and Odum, , and 1965 ). Odum, Rogers, and Hicks (1964) have advanced the hypothesis that before and during migration periods lipid deposition and depletion in adipose tissues occur without appreciable changes in the weight of water and other nonfat components in the body as a whole, in possible contrast to man, where changes in nonfat components may accompany obesity.
Weight of the water in the sample was calculated as wet weight minus dry weight. Dry weight minus residue weight gave extractable fat weight. The latter agreed within 2 per cent with the actual weight of fat recovered from the filtrate by evaporation of the solvent.
Although the dissectible fat was processed separately from the remainder of the carcass, the calculated weights for water, extractable fat, and nonextractable residue were added to the appropriate weights of the corresponding carcass fractions. Values for total water, total fat, and nonfat dry weight were thus obtained for the whole bird and for the dissectible adipose tissue.
Adipose tissue from specimens of different degrees of fatness in each species was selected for histological examination. After fixation in 10 per cent formalin, samples from both subcutaneous and visceral regions were embedded in paraffin, cut at 10 microns, and stained in hematoxylin and eosin (Gray, 1954:94-141, 287, 320) . Photomicrographs were taken with a Zeiss Photomicroscope and processed as positive prints. Cell numbers and diameters (mean least diameter of the 20 to 80 cells in a typical high-power field) were measured directly from the positive prints. Approximate cell volumes were estimated assuming the adipocytes were essentially spherical in shape (for purposes of comparison, see fig. 3 ).
RESULTS
The major anterior subcutaneous fat deposits are located in the furcular and axillary regions. In the most obese specimens, fat fills the furcular notch and spreads over most of the pectoral muscle mass, while in the leanest specimens, only small tags of adipose tissue are visible. The axillary portions of these deposits connect ventrally at the inferior margin of the pectoral muscles. In addition, a spur of fat runs upward into the cervical and occipital regions dorsally, and upward along the trachea ventrally.
The major posterior subcutaneous fat deposits are dispersed over the abdominal wall ventrally and cover the synsacral area dorsally. Extensions of these deposits run down the medial and dorsal aspects of the thighs. Subcutaneous deposits reach a maximum thickness of 10 to 12 mm around the pygostyle. The visceral fat deposits were largely contained in the omentum and mesenteries, with additional lobules attached to the kidneys, gizzard, and cloaca. Stomachs were examined, and all were found empty. Table 1 summarizes various whole-body measurements of the migratory thrushes by sex and species. Wing length, fat-free weight, nonfat dry weight, and total body water all show a high degree of uniformity within a species, as indicated by the low Table 2 shows variations in fat and water indexes, in relation to sex, species, and fat level. No sex or species differences can be shown. A group of thin birds with fat indexes less than 1.7 was compared with a group of fat birds with fat indexes greater than 1.7. This arbitrary division separates the specimens into two approximately equal groups. While the mean fat indexes for fat and thin birds differ significantly in all species, as would be expected (with a higher variation in the thin group), the mean water indexes did not differ significantly in the fat and thin groups. Table 3 shows the relations of dissectible adipose tissues to total body fat and level of fatness. In thin birds the subcutaneous, visceral, and total deposits form similar percentages of the total body fat in all three species, while in the fat birds, the subcutaneous, visceral, and total deposits form a smaller percentage of the total body fat in the Wood Thrush than in the other two species. Thus the smaller migrating Veery and Swainson' s Thrushes have a relatively greater amount of dissectible adipose tissue than do the larger Wood Thrushes.
The composition of dissectible adipose tissue is shown in table 4. No significant differences can be shown in the composition of subcutaneous and visceral adipose tissue. No interspecific differences can be found for any of these components.
Water and nonextractable residues (nonfat components of adipose tissue) are plotted against weights of dissectible adipose tissue in figure 2. When nonfat components weights of birds with fat indexes less than 1.7 were compared with nonfat components weights of birds with fat indexes greater than 1.7, a highly significant e., a decrease in the proportion of unsaturated fatty acids with increasing fat deposition. All thin specimens differ from all fat specimens in mean iodine number at the 1% level of probability. In the species x fat interactions, all species differ from one another in a highly significant manner (P < O.Ol), while in the fat group, only Swainson' s Thrush and Wood Thrush show no significant difference. Other species X fat interactions in the fat group are highly significant (P < 0.01) .
DISCUSSION
The nonfat components of adipose tissue remain nearly constant in weight during migratory fat deposition, as indicated by the negligible slope of the lines in figure 2. The mean weight of the nonfat components and the mean total body fat of all birds with fat indexes less than 1.7 are 0.43 and 7.58 g, respectively. The mean weight of the nonfat components and the mean total body fat of all birds with fat indexes greater than 1.7 are 0.63 and 17.67 g, respectively. Thus the addition of 10 g of fat to the adipose tissue is accompanied by an increase of only 0.20 g water and nonextractable residue. These values are also easily interpolated from figure 2.
The Wood Thrush differs significantly from both the Veery and Swainson' s Thrush in weight of the nonfat components of birds with fat indexes less than 1.7. Since mean nonfat dry weight shows the Veery and Swainson' s Thrush to be only 60 per cent as large as the Wood Thrush, differences in the weight of nonfat components may be attributed to body-size differences. Similar differences do not appear, however, in birds with fat indexes greater than 1.7. A possible explanation is that 27 per cent of the thin birds are Wood Thrushes. Thus the small proportion of Wood Thrushes in the fat group does not affect the mean significantly.
McGreal and Farner (1956) described, 15 discrete fat bodies in the Gambel White-crowned Sparrow (Zonotrichia leucophrys gambelii). Attempts were made in this study to delimit these various fat bodies, but due to the extreme obesity of many specimens, these fat bodies coalesced into larger masses.
This study This modest increase in nonfat components along with the evidence of a very large increase in cell size supports the hypothesis that premigratory fat deposition is principally a process of hypertrophy with only minimal hyperplasia.
The range of iodine numbers in passerine birds is wide, extending from 38 in the Red-cheeked Starling (Sturnia violacea) to 146 in the Kamtschatken Wagtail (MotacUa alba lugens), according to McGreal and Farner (1956) . MacDonald (1961) shows that iodine number is dependent on ambient temperature, diet, species, and temperature of a fat deposit within the body. Deposits deep within the viscera show more saturation (a higher proportion of saturated fatty acids in triglycerides) than subcutaneous deposits, and MacDonald (1961) considers this to be a temperature-gradient phenomenon. In the Gambel White-crowned Sparrow, McGreal and Farner (1956) found no significant difference (P > 0.05) in iodine numbers among premolt, molt, and premigratory fat deposits in spring birds. The means for these categories ranged from 84.1 to 86.8. Subcutaneous and carcass lipids were not significantly different during these periods. Nakamura (1962) found a mean iodine number of 69 (range 58 to 76) in fat deposits of the Eastern Great Reedwarbler (Acrocephalus arundinaceus orientalis) captured on the wintering grounds prior to spring migration. A downward trend in the proportion of unsaturated fatty acids was evident during vernal premigratory fattening, presumably owing to dietary changes in the premigratory period.
In wintering and migrating Slate-colored Juncos (Bunco hyemalis), Bower and Helms (1967) found that the proportion of linoleic acid (C-18:2) decreased in the lipid reserves from November through April as the diet of the bird changed from seeds (high in linoleic acid) to insects (low in linoleic acid).
The observed lack of a consistent pattern of changes in iodine numbers with increasing fat deposition in three species of Hylocichla may be attributed to basic species differences. However, as suggested by Walker (1964) , it is likely that the nature of the food ingested during premigratory fattening has some effect on the composition of the fat deposited. Changes in the fatty acid composition of the diets of migrating thrushes are highly probable, since thrushes begin their migratory flights before maximum fatness is achieved, and stop to feed en route and fatten during a series of progressively longer flights until they reach the Gulf of Mexico at peak fatness prepared for the trans-Gulf crossing to Central America (Stevenson, 1957; Odum, 1960b ).
CONCLUSIONS
The nonfat components of adipose tissue in fall migrant thrushes are essentially stable, despite large changes in total body fat.
Photomicrographs showing increases in cell size with increasing fat deposition together with data showing only a small accompanying increase in nonfat tissue components constitute direct evidence for hypertrophy of fat cells as a major mechanism in premigratory fattening. Observed significant differences in iodine numbers between species are attributed to basic species differences. Since no consistent pattern was evident, differences in iodine numbers between stages of fatness within a species are attributed to differences in food available to individuals that may have originated their migratory flights from a wide geographical area to the north.
